It seems strange that while the number of cells in blood or cerebrospinal fluid is counted as accurately as possible, we are content with crude estimations for the cells in urine. Thus the usual method of measuring pyuria is to look at a drop of urine under a microscope and see how many cells there are within a field viewed by high power magnification (1/6). No attempt is made to measure the volume of urine examined, but it will be small, perhaps 1/500 c.mm. and will vary according to the size of the drop held by the coverslip. The amount will be adequate if large numbers of cells are present, but when there are relatively few, as there may be in chronic pyelonephritis, then it is too small to be reliable. In order to overcome this, many prefer to concentrate the urine first by centrifuging. But further difficulties are then raised, for each examination will take at least 10 minutes and probably require to be done in a laboratory, since few will be persuaded to use a centrifuge in the ward sideroom or in the surgery. Moreover, there are still inaccuracies. The volume of urine, the time and the rate of centrifugation may all be fixed, but in the end the final aliquot is unmeasured and reliance is still placed on a crude high-power field (henceforth referred to as H.P.F.) count.
Methods of Measuring Pyuria
The Counting Chamber Method. For some years I have routinely used a counting chamber for estimating the number of cells in the urine. The procedure is simple. The unspun urine is well mixed and a drop put into a Neubauer counting chamber. After allowing time for the cells to settle, a count is made of the number in two large squares, and the result multiplied by five will give the c.mm. count. This method seems preferable to others, for it enables small amounts of pyuria to be detected and comparison to be made between one specimen and another. No claim is made that the technique is original, for it was described by Block and Nyun in 1916 , and has been advocated by Dukes (1928) , Ockerblad (1928) , Masters (1953) and others.
Correlation with Other Methods. In a previous paper (Stansfeld and Webb, 1953) Such observations were made on urines as voided, but since in many laboratories centrifuged deposits are used, it is also desirable to know how cubic millimetre counts on unspun urine compare with those per H.P.F. after centrifuging. Accordingly, suitable urines were selected and on each a c.mm. count was made, then 5 ml. was centrifuged at 4,000 r.p.m. for 10 minutes, after which the supernatant fluid was drained off, the deposit resuspended in the last drop or two and examined under a coverslip, an average H.P.F. count being made from at least 20 separate fields. Again the findings were scattered, but from 20 paired counts spaced over a range of three to 1,150 cells per c.mm. it was found that one cell per H.P.F. in the deposit was equivalent to five or six per c.mm. in the unspun urine. The inaccuracies of the final H.P.F. count could largely be eliminated by resuspending the deposit in 1 ml. of the original uncentrifuged urine and then using a counting chamber. This was done for 20 urines selected over the same range of c.mm. counts. The results were more consistent and whilst theoretically the resuspended deposit is a sixfold concentration of the parent urine, in fact an average of 5 6 was obtained.
Microscope field counts are variable and this was evident when the reliability of the various methods of estimating pyuria was tested by doing repeated counts on the same specimen of urine. Urines were selected with a reasonable but not too high cell content, for it was found difficult to count more than 20 cells in a H.P.F. The coefficients of variation are given in Table 1 , being smaller for methods using a counting chamber than those involving H.P.F. It is felt, then, that the sample, although selected in that it is made up of children requiring hospital admission, is nevertheless representative of this group, 82% of whom were emergencies. The age and sex distribution are given in Table 2 .
As an occasional cell in the urine might easily be overlooked, the analysis was confined to those having 10 or more in a cubic millimetre of an uncentrifuged well-shaken sample. Cells to this extent were found in the urines of 314 of the 2,000 cases examined. In 39 they were predominantly red cells, and in the remaining 275 examined. In this way a further 10 children without cells in their original samples were subsequently shown to have developed pyuria. Thus 'pyuria', taking this to mean a concentration of polymorphonuclear leucocytes amounting to 10 or more cells in a cubic millimetre of fresh uncentrifuged urine, was demonstrated in 285 (14%) of the children whose urines were tested. The incidence might well have been higher had repeated samples been examined from all and not just a few cases. Table 3 gives the age and sex of the cases in which pyuria was found. Girls predominate and this seems particularly significant as there were fewer girls than boys admitted. The sex difference holds for all age groups, but it is most marked in children of school age. Furthermore, it seems that not only is pyuria less frequent in boys, but when it does occur it tends to be in smaller amounts (Table 4 Campbell (1951) even accepts up to one per lowpower field. In recent years pyuria has been defined by Straffon and Engel (1960) as over three cells, by Kass (1956) and by Riley and Knight (1958) as five or more cells, and by Michie (1959) that are naturally voided and those caught midstream after cleansing or obtained by catheter.
The way the specimen is obtained is especially important in females whose urine is so frequently 'contaminated' by cells being introduced from the vulva during micturition. Such contamination may be considerable, the cell counts being comparable to those found in established urinary tract infections and on occasions amounting to over 1,000 per c.mm. It thus appears unlikely that for ordinary urine specimens from females there will be any critical level of cell count separating significant pyuria from that due to contamination. On the other hand, if after thorough cleansing of the vulva the urine is caught midstream or obtained by catheter the cell content will be small and limited, no greater than that of male urines which are seldom contaminated. Masters (1953) , Stansfeld and Webb (1953) and Rupp (1959) independently found that urines obtained by catheter in either sex or naturally voided in boys contained less than 10 cells per c.mm. in over 92% of normal children. Probably the findings are the same for adults since Rofe (1955) , Houghton and Pears (1957) and Hutt, Chalmers, MacDonald and de Wardener (1961) , making observations on specimens obtained naturally from men but avoiding contamination from the foreskin, or by catheter from women, found maximal limits of excretion of between 131,000 and 400,000 leucocytes per hour, which at a daily urine output of 1,500 ml. would amount to two to six cells per c.mm.
Significant pyuria may thus be defined as 10 or more leucocytes per c.mm. in an unspun sample of clean or catheter urine.
Correlation with Bacterial Counts. If it is confirmed that significant pyuria is present the next step is to see if the urine is infected. Simple culture is not sufficient for this purpose since organisms as well as cells may enter the urine through contamination and even the few that may get into a clean specimen will quickly multiply. This rapid growth of bacteria in urine allows bacilluria due to con- tamination and that resulting from urinary tract infection to be distinguished by means of bacterial counts. Infected urine which has been retained in the bladder will be likely to contain large numbers of organisms, whereas urine that has been contaminated during voiding will, if tested quickly and before the bacteria have time to multiply greatly, contain relatively few.
As in the elucidation of pyuria clean midstream urines, preferably first morning samples, are satisfactory in either sex, and providing that examination is carried out within an hour a count of under 10,000 organisms per ml. is likely to be due to contamination, whilst an excess of 100,000 per ml. indicates that urinary tract infection is present.
A clean midstream sample is thus required in order to elucidate pyuria and bacilluria alike and in practice the same specimen can be used for both cell and organism counts. But in order to interpret the findings it is necessary to know how bacterial counts correlate with cell counts. Various authors have made observations on this. Kass (1956) , arbitrarily defining pyuria as five or more white cells in a high power microscope field of centrifuged urine, found it to be present in a third to a half of his patients with true bacilluria but only in 2% of those with bacterial counts less than 100,000 per ml. He concludes that 'pyuria is of value diagnostically only when it is clearly present. Its absence from any single specimen cannot be taken as evidence of absence of bacilluria'. Sanford, Favour, Mao and Harrison (1956) could not demonstrate leucocytes in 13 of 91 specimens containing over 10,000 bacteria per ml. They state that the absence of pyuria in single or multiple urine specimens does not negate the diagnosis of urinary tract infection, neither does the presence of pyuria imply that it is present. Riley and Knight (1958) , in a study of urinary infections in 44 patients with paralytic poliomyelitis, also correlated bacterial counts with pyuria. Their definition of pyuria was the same as that used by Kass, and they found it to be present in 54% of specimens with bacterial counts over 100,000 per ml. and 21 % of those with smaller counts. They made the point that pyuria is frequently absent in heavy bacilluria when infections are due to Proteus.
A criticism of all this work is that the estimations of pyuria are too haphazard. Bacterial counts are made precisely but the cell counts are approximations. If significant pyuria is taken as 10 or more cells per c.mm. in uncentrifuged clean or catheter urine then the correlation between pyuria and bacilluria might be closer. In order to see if this is so, whenever routine examination of urine from children in hospital has disclosed 10 or more white cells per c.mm., a midstream or occasionally catheter sample has been obtained for bacterial and cell counts. In this way, during the past two years, 250 specimens have been tested from 129 children. The findings are given in Table 5 . Bacterial counts, made by the method described by O'Sullivan, FitzGerald, Meynell and Malins (1960) , have been put into three groups: sterile or less than 10,000 organisms per ml. (which are probably contaminants), over 100,000 per ml. indicating urinary tract infection and a doubtful group between the two. The cell counts have also been put into roughly equivalent groups.
There was a fairly close correspondence between bacilluria and pyuria, 145 (58%) of the urines Hepler and Scott (1935) found, pyuria may occur with infections outside the urinary tract. Then there may be urinary tract infection (as in 11 of the 18 with cell counts greater than 100 per c.mm. and only small numbers of bacteria), but bacterial growth is inhibited by antibiotics or not given time owing to quick transit through the bladder.
In Table 6 are shown various possible combina-MEASUREMENT AND MEANING OF P YURIA (Kass, 1956 ).
Classification of Pyuria. By means of cell and bacterial counts pyuria may be classified into three types:
Contamination. Whatever the count in ordinary urine, and it is usually less than 1,000 cells per c.mm., a clean specimen will contain less than 10 cells per c.mm. providing that cleansing has been efficient. The culture will be sterile or the bacterial count less than 10,000 per ml. The frequencies of these different sorts of pyuria found amongst the 2,000 children in hospital are shown in Table 7 . Contamination was the most common, being responsible for pyuria in 4% of the boys and 20% of the girls admitted.
Usually when pyuria is discovered it can readily be recognized as one of the types mentioned, but sometimes there are difficulties. The bacterial count, for instance, may be between 10,000 and 100,000 per ml., and so of doubtful significance. Then there may be both contamination and infection, each contributing to the cell content of the original urine so that the clean specimen count, although significant, will be much smaller and appear to be due to incomplete cleansing. Further specimens are needed to clarify such ambiguities.
Perhaps the greatest difficulty of all lies not in the interpretation of pyuria, but in its temporary absence in some cases of urinary tract infection, especially if this has been present for months or years. Cells and organisms may be present only intermittently, and negative findings do not rule out the presence of infection. Because of this, even using cubic millimetre cell counts, several specimens may sometimes be required in a suspected case or examinations postponed until symptoms suggest that the disease is more active again.
Summary
This paper is concerned with the detection and estimation of pyuria. The inadequacies of microscope field counts are mentioned and the measurement of pyuria using a counting chamber advocated.
Urine leucocyte counts by different methods have been compared. In uncentrifuged urine one cell per high-power field (H.P.F.) was found to be equivalent to 250 to 500 cells per c.mm. After centrifugation of 5 ml. urine an average of one cell per H.P.F. in the deposit corresponded to five to six cells per c.mm. uncentrifuged. The deposit from 5 ml. of urine could be resuspended in 1 ml. of the original urine and then a c.mm. count would be sixfold concentration. Estimations involving microscope field counts were found to have higher coefficients of variation than those in which the counting chamber was used.
The survival of leucocytes in urine varies according to the reaction. In acid urine cells survived without significant reduction in count for 48 hours and sometimes longer. As the urine alkalinity increased over pH 6-8 the cells were more rapidly destroyed.
Counts in very alkaline urines are unreliable.
Urine cell counts have been made on 2,000 of 2,037 consecutive admissions to a general paediatric unit mainly dealing with emergencies; 285, nearly
